The coconut hispine beetle Brontispa longissima (Gestro) (Coleoptera: Chrysomelidae) is considered native to Indonesia and Papua New Guinea, and it has been established and causing serious leaf damages on Cocos nucifera (L.) in Asia, Australia and the Pacific Islands. Although this insect was found on only C. nucifera in the Yaeyama Islands, Japan in the 1980s, it was unknown whether it had established in the islands and whether it attacked the endemic palm Satakentia liukiuensis (Hatusima) H. E. Moore. We conducted field surveys in the Yaeyama Islands in 2007 to 2009 to determine whether B. longissima causes serious damages on S. liukiuensis in the islands. Although B. longissima infested leaves of the young trees in most nurseries or roadsides on Ishigaki, Iriomote and Kohama islands, no serious damage was observed on wild mature trees of the S. liukiuensis communities, which are protected as national natural monuments. All the developmental stages of B. longissima were found in November 2008 and May 2009. The present study first shows that B. longissima is common and attacks the endemic palm S. liukiuensis as a main host in the Yaeyama Islands where C. nucifera is very rare.
INTRODUCTION
The coconut hispine beetle, Brontispa longissima (Gestro) (Coleoptera: Chrysomelidae) is a serious defoliator of the coconut palm Cocos nucifera L. (Arecales: Arecaceae) (Waterhouse, 1993; Nakamura et al., 2006; Rethinam and Singh, 2007) . Although this insect is considered native to Indonesia and possibly Papua New Guinea (Waterhouse, 1993) , it had invaded and became established in Asia, Australia and the Pacific Islands where C. nucifera is abundantly planted (Nakamura et al., 2006; Rethinam and Singh, 2007; Lu et al., 2008) . Brontispa longissima adults lay eggs on leaflets of young unopened fronds, and individuals of all the developmental stages live in or between leaflets of young unopened fronds. As the leaflets separate when the fronds expand, the larvae and adults move to other young fronds. The feeding scars caused by larvae and adults enlarge to form irregular brown blotches as the frond opens. The brown areas shrivel and curl, giving the leaf a characteristic scorched, ragged appearance. The serious leaf damage retards the growth, reduces the fruit production, and occasionally causes the death of palms (Waterhouse, 1993) . Although B. longissima has caused serious damages on C. nucifera in many invaded countries, ecological studies on this pest under natural conditions have been neglected because of its cryptic habit and of its inaccessible habitat, which is the crown of tall palm trees (Nakamura et al., 2006) . Suitability of several palms for immature development and adult reproduction of B. longissima has been studied in the laboratory (Yamauchi, 1985; Li et al., 2006; Yamashita et al., 2008; Yamashita and Takasu, 2010) . However, it still remains unknown how B. longissima uses palms other than C. nucifera as hosts under natural conditions, including infestation rate, the density of immatures and adults per frond, and feeding and oviposition behavior in frond.
In Japan where C. nucifera has been only rarely planted as an ornamental plant, B. longissima was found in Okinawa and Ogasawara, remote islands off the mainland. Azuma and Kinjo (1978) first reported B. longissima feeding on C. nucifera in Kadena, the mainisland of Okinawa in 1978, and then, it spread to the rest of the island. Thereafter, B. longissima was found on Ishigaki island in 1982, Miyako, Iriomote and Yonaguni islands in 1984 (Azuma, 1986) . Brontispa longissima was also accidentally introduced into Ogasawara in 1989, supposedly with C. nucifera seedlings from Okinawa (Ohbayashi, 2002) . Although B. longissima has been listed as one of alien insects established in the Ogasawara islands (Ohbayashi, 2002) , there was no further information about this pest in Japan. It was unknown whether B. longissima still occurred in Ogasawara, Okinawa, or elsewhere in Japan and whether this insect attacked any other plants except C. nucifera there for the last 17 years.
The Yaeyama yashi Satakentia liukiuensis (Hatusima) H. E. Moore (Arecales: Arecaceae) is endemic to Ishigaki and Iriomote Islands, Japan and is listed as "Near Threatened" in the red data list of Japan (Yahara, 2003) . The S. liukiuensis communities at Yonehara on Ishigaki Island and at Ubundoru and Hoshidate on Iriomote Island, are also designated as national natural monuments in Japan.
In the late 1970s and early 1980s when B. longissima was first introduced into Japan, it was observed to attack only C. nucifera, but concerns were raised regarding the potential for its attack to S. liukiuensis because this species attacks many different palms (Azuma, 1986) . In 2006, we first found that B. longissima heavily infested the young fronds of S. liukiuensis planted as roadside trees on Ishigaki Island. Because of this discovery, we suspected that B. longissima has been established and now using S. liukiuensis as a regular host in the Yaeyama Islands. If so, this insect could be a potential threat to S. liukiuensis in these islands.
In the present study, we conducted field survey to determine whether B. longissima has been established in the Yaeyama Islands, whether it attacks S. liukiuensis in the islands, and if so, damage level of the palms by B. longissima. 2, 4, 5, 6, 7, 8 and 18) , the roadside trees of S. liukiuensis (Sites 9, 11, 13, 14, 15, 16, 17, 19, 20, 21 and 22) , a S. liukiuensis grove in a park (Site 3), and two natural S. liukiuensis groves protected as national natural monuments (Sites 10 and 12). We never found C. nucifera planted in nurseries and roadsides on Ishigaki, Iriomote, Kohama, Taketomi leaflets. The damaged leaves have a characteristic scorched, ragged appearance. Therefore, we observed the expanded leaves per tree by the naked eye or through binoculars, and examined whether the leaves had the typical feeding damage. When the trees had more than 10 leaves, we examined only the top 10 new leaves, because a mature tree has often more than 30 leaves, and damages on the old leaves other than the top 10 leaves could be caused by something else but feeding damage by this species. Otherwise, we examined all the leaves of the trees. When more than 50% of the total area of a leaf had the characteristic damage caused by B. longissima, the leaf was regarded as a damaged leaf. In the sites where damaged leaves were found, we also examined at least one of the damaged fronds to confirm the presence of B. longissima, except tall trees in Site 12. The percentage of damaged leaves in observed leaves per tree was calculated. Any tree that had at least one damaged leaf was regarded as a damaged tree. In May 2009, we separately examined feeding damages of young, short trees (3 m at Site 3 and 2-3 m at Site 10) and mature, tall trees (7-10 m at Site 3 and 10-30 m at Site 10) at Sites 3 and 10, because we suspected the damage level might be different between young and mature trees.
MATERIALS AND METHODS
To examine beetle density in a frond, we collected upright, unopened fronds and half opened fronds from Site 6 in November 2007 and Site 8 in May 2009 and counted the number of eggs, larvae, pupae, and adults on the fronds. In Site 2, only the numbers of larvae, pupae and adults per frond were counted in November 2007.
Parasitic wasps have been used for biological control against B. longissima in the invaded countries (Nakamura et al., 2006) . In Vietnam and Thailand where B. longissima was recently invaded and the parasitic wasp Asecodes hispinarum was introduced to control it, several native parasitic wasps in addition to A. hispinarum are found to attack this pest (K. Konishi, unpublished). Although parasitic wasps of this pest were never introduced into Ishigaki Island, there might be native species that attack this pest on the island. Therefore, to determine if any native parasitic wasps attack B. longissima, 118 larvae and 41 pupae collected from Sites 2 and 6 in November 2007, were reared with S. liukiuensis until adult emergence.
RESULTS

Ishigaki Island
Satakentia liukiuensis was planted in many nurseries on Ishigaki Island. Leaf damages caused by B. longissima were found on young S. liukiuensis in 6 of 7 palm nurseries on November 2007 (Table  1) . The most serious leaf damage on Ishigaki Island was found at Site 5 in November 2007, where all the trees examined were attacked and more than 3 leaves per tree were severely damaged. In other nurseries, 20-80% of young trees were damaged, and mean numbers of damaged leaves per tree were 2.1 or less (Table 1) . In May 2009, 30 to 90% of trees were infested and 1-2.4 leaves were damaged in all the 6 nurseries. In Site 9, roadside trees were damaged in both November 2007 and May 2009.
In a park (Site 3) where short and tall trees were grown in a stand, only 10% of the trees including short and tall trees were damaged in November 2007. In May 2009, 63% of short trees had damaged leaves, whereas only 25% of tall trees were damaged. Due to a tall tree in which 7 of 10 leaves were heavily damaged, the mean number of damaged leaves in tall trees was 4.5 and higher than young trees at the same site and other sites (Table  1) (Table 1) .
All the stages of B. longissima were found between or inside of tightly folded leaflets of S. liukiuensis fronds that were upright or partly expanding (Table 2 ). More than two individuals of the same or different stages stayed together in the same frond. All the stages are gregarious and 2-84 individuals were found per frond. In May 2009, many eggs and first instar larvae were found on pointed ends of several upright fronds, which were unfolded (Table  2 ).
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K. TAKASU et al. When 118 larvae collected from Ishigaki Island in 2007 were reared, 8 larvae died before pupation. The 110 larvae and 41 pupae of B. longissima developed to adults without yielding any parasitic wasps.
Iriomote Island
On Iriomote Island, S. liukiuensis was mainly planted as roadside trees. At all the roadside sites except Site 16 which no leaf damages were observed, 12 to 80% of trees were damaged and 1-3 leaves per tree were severely damaged in 2008 and 2009. At one nursery (Site 18), the percentage of damaged trees increased 31% in 2008 to 80% in 2009 (Table 3) .
At Site 12, Hoshidate natural conservation zone, although 20% of trees were damaged in 2007, none of trees were damaged in 2009. The percentages of damaged trees at Site 12 were lower than at Site 11, roadside trees near Site 12, which were 70% in 2007 and 50% in 2009 (Table 3) .
Kohama and Taketomi Islands
There are only two sites where S. liukiuensis were planted as roadside trees on Kohama Island. Leaf damages by B. longissima were observed at both sites in 2008 and at one site in 2009 (Table 2) . There was only one site S. liukiuensis was planted as roadside trees on Taketomi Island and there was no leaf damage at the site in 2008 (Table 3) .
DISCUSSION
The present study shows that B. longissima is now quite prevalent on the Yaeyama Islands including Ishigaki, Iriomote, Kohama Islands and attacks the endemic palm S. liukiuensis. Brontispa longissima mainly attacks C. nucifera but rarely any other palms in the invaded countries where this insect ever became a serious pest (Waterhouse, 1993; Nakamura et al., 2006; Rethinam and Singh, 2007) . In the Yaeyama Islands, however, C. nucifera is very rarely planted. Cocos nucifera is not normally planted as roadside trees or in palm nurseries on Ishigaki and Iriomote Islands (Personal communications, Yaeyama Regional Public Works Office, Yaeyama Center for Agricultural Policy and Development). We also never found any C. nucifera tree grown in personal yards on Ishigaki, Iriomote, Kohama, Taketomi Livistona chinensis (Jacquin) R. Brown ex Martius, which are known as hosts of B. longissima, are planted in nurseries or personal yards on these islands, we never find any serious damages to these two palms on those islands (unpublished data). Considering the facts that B. longissima is widely spread in the islands and uses S. liukiuensis, which is more abundant than any other potential host plans on the islands, it seems reasonable that B. longissima is now using S. liukiuensis as a main host on those islands. As far as we know, this is the first report that B. longissima uses an endemic palm other than C. nucifera as a main host after being introduced into an island where its usual host C. nucifera is very rare or absent. There are two possible routes by which B. longissima was introduced into the Yaeyama Islands. Since flight ability of B. longissima is limited (Zhang et al., 2004) , the main factor responsible for invasion of B. longissima into new places is movement of coconut palm seedlings infested with B. longissima (Rethinam and Singh, 2007) . Azuma (1986) suspected that B. longissima had been introduced from Okinawa to the Yaeyama Islands. This speculation was possibly based on chronological order of detections; mainisland of Okinawa in 1978 , Ishigaki Island in 1982 , Miyako, Iriomote, and Yonaguni Islands in 1984 (Azuma and Kinjo, 1978 Azuma, 1986) . As B. longissima was supposedly introduced with C. nucifera seedlings from Okinawa into Ogasawara in 1989 (Ohbayashi, 2002) , this pest might also be brought with palm seedlings from Okinawa into Ishigaki between 1978 and 1982. Another possible route is directly from Taiwan to Ishigaki Island and then the neighboring islands. In Taiwan where is located approximately 240 km west of Ishigaki Island, B. longissima was first found in 1975, soon became epidemic, and epidemic lasted until 1985 (Chiu et al., 1988; Chang, 1991) . Palm nurseries on Ishigaki Island had often imported C. nucifera seedlings from Taiwan until around 1980 (Noda et al., 2006) . Therefore, B. longissima might be accidentally introduced with coconut palm seedlings from Taiwan into Ishigaki Island possibly during the period from the late 1970s to early 1980s when this pest outbroke in Taiwan, and thereafter this insect might spread to the neighboring islands. Kiritani (1998) divided the biological process of colonization of alien organisms into four steps: introduction, establishment, spread, and naturalization. The present study showed establishment and 142 K. TAKASU et al. (Noda et al., 2006) , and the population in Taiwan was reduced to very low density after 1986, due to the release of a parasitoid species (Chang, 1991) . Neither did this insect from Asian countries because this insect did not exist in Asian countries except Taiwan until the 2000s (Nakamura et al., 2006) . If the islands' population on S. liukiuensis has been isolated for such a long period, the population could possibly develop physiological or ecological adaptations to S. liukiuensis. Adaptation by B. longissima to S. liukiuensis on this island is now under investigation, including preference by B. longissima for S. liukiuensis, and suitability of this palm for immature development and adult reproduction. Brontispa longissima was considered as a major pest of young C. nucifera in nurseries and recent field plantings in Melanesia in the earlier part of the 20th century: The species usually attacked C. nucifera less than 10 years old (Howard et al., 2001) . Similarly, we found in the present study that young S. liukiuensis in nurseries or at roadsides were more severely damaged by this insect than tall, mature trees at natural conservation zones. The mechanism by which young trees were more severely damaged than mature trees has not been elucidated. The plant traits of herbivore resistance such as escape, defense, and tolerance, change as plants develop from seeds, to seedlings, juveniles, and mature stages (Boege and Marquis, 2006) . Therefore, there may be differences in resistance traits against B. longissima between young and mature palms. The possible resistance traits of mature trees include low accessibility due to high canopy location and more tightly compressed and adherent unopened leaflets, reduced preference due to low quality as food and higher amount of secondary metabolites, higher risk of predation which feeding on tall, large trees, or more tolerance caused by larger size of leaves and compensatory growth in response to insect feeding. Studies on behavior of B. longissima toward young and mature trees and resistance or tolerance of both types of trees against this insect should be studied.
Although we did not find serious damages to mature S. liukiuensis trees in natural conservation zones at Yonehara (Site 10) and Hoshidate (Site 12), we cannot exclude the possibility that B. longissima causes severe leaf damages on mature S. liukiuensis in these natural communities. In 2008, 20% of trees at Hoshidate had damaged leaves. Although severe leaf damages, feeding scars covering more than 50% of a leaf area, were never observed at Yonehara, minor feeding damages (feeding scars on less than 50% of a leaf) were observed on mature trees at the same site. Also, heavy infestation by B. longissima was found young trees within Yonehara natural conservation zone and the nearby roadside trees, and roadside trees near Hoshidate natural conservation zone in 2009. Since this species had been mainly attacking young C. nucifera in Melanesia (Howard et al., 2001 ), but recently became epidemic and attacked mature C. nucifera trees as well as the young trees in South East Asian countries (Nakamura et al., 2006; Rethinam and Singh, 2007) , there is a potential risk of attack by B. longissima to mature trees of S. liukiuensis at the conservation zones. To assess the risk of B. longissima to the natural community of S. liukiuensis, it is necessary to monitor B. longissima population and leaf damage level of S. liukiuensis on Ishigaki Island.
